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ORIGINAL ARTICLE
Silent cerebral infarction, which is not associated
with a history of stroke, is a common finding in
the study of brain images, including computed
tomography (CT) and magnetic resonance imag-
ing (MRI) of stroke patients. Silent infarcts (SIs)
are also found in normal elderly subjects. The
prevalence of SIs on CT varies between 10 and
40%.1–4 The wide range is partly explained by
the variation in age between different studies.
The Rotterdam Study reported that 20% of the pop-
ulation between 60 and 90 years of age had SIs.1
This increased from 8% among 60–65-year-old
subjects to 35% among those aged 85–90 years.
Most of the SIs observed in acute stroke pa-
tients are small and deep. The Hisayama Study
showed that the prevalence of SIs was 12.9%,
and 86% of them were small.5 These SIs were not
only found in ischemic stroke patients, but also
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in those with initial hypertensive brain hemor-
rhage.6 A prospective study reported by Kobayashi
et al showed that individuals with subcortical SIs
had a higher annual incidence of clinical stroke.7
Based on these results, SIs are considered to be a
risk factor for clinical cerebral infarction and hem-
orrhage. The risk factors for SIs include aging,
stenosis of the carotid artery, hypertension, dia-
betes mellitus, and retinal artery stenosis.1–4,8–10
These are the similar to the risk factors for cere-
brovascular disease. Smoking, male sex, and glu-
cose intolerance are also risk factors for SIsI.4,8,11,12
Atrial fibrillation has also been reported as a risk
factor for SIs,13 but this has not been supported
by other studies.14
Multiple SIs are a common cause of vascular
dementia.15 Although SIs do not produce neuro-
logic symptoms, they may increase the possibil-
ity of vascular dementia. Since repeated strokes
can cause dementia and disability, it is reason-
able to assume that the presence of one or more
SIs in stroke patients may affect their recovery
and prognosis.
Although SIs are reportedly associated with a
higher rate of mortality and subsequent clinical
cerebrovascular disease,7 the impact of SIs on the
outcome of stroke patients is unknown. It is im-
portant to investigate the impact of SIs on the
outcome of stroke patients. In this prospective
study, first-ever stroke patients were monitored
for 2 years after stroke onset. We analyzed the re-
sults to determine the prevalence of SIs among
ischemic stroke patients, location of SIs, and the
impact of SIs on the outcomes of stroke patients.
Methods
We performed a prospective study on patients
admitted consecutively, between July 2003 and
June 2005, to the neurology ward in a teaching
hospital in Chiayi, Taiwan, with a diagnosis of
stroke or TIA. Thirty-two patients had hemor-
rhagic stroke and 446 had ischemic stroke or TIA.
Among the 446 patients, 220 had a history of
stroke prior to the event. The other 226 patients
without a history of stroke or TIA were included
in the current study, which was approved by the
ethics review board of the Chiayi Christian
Hospital.
SI was defined as a region of focal hypoden-
sity of presumably vascular origin on CT or MRI,
not related to the present event, and seen in 
patients without a history of stroke or TIA. The
diagnosis of stroke was based on the definition
given by the World Health Organization.16 The
symptoms of TIA included transient monocular
blindness and supratentorial lacunar syndrome
(pure motor, pure sensory and sensorimotor
symptoms). Vertebrobasilar infratentorial TIA
was assumed when the patient had at least two
of the following symptoms or signs that occurred
suddenly: vertigo, nystagmus, ataxia, dysarthria,
dysphasia, diplopia, gaze palsy, motor or sensory
disturbance, and internuclear ophthalmoplegia.
The symptomatic stroke subtype classification
was based on the Trial of Org 10172 in Acute
Stroke Treatment (TOAST) classification system
and the Oxfordshire Community Stroke Project
(OCSP) system.17,18
Information related to clinical stroke and risk
factors including onset of stroke, age, alcohol
use, cigarette smoking, history of diabetes melli-
tus, hypertension, cardiovascular disease, and
family history of stroke were obtained from each
patient. Hematocrit, biochemical tests, chest X-ray,
and electrocardiography were performed on the
day of arrival at the hospital. On the second day,
fasting blood glucose and serum lipids (choles-
terol and triglycerides) were determined. Systolic
and diastolic blood pressure was measured with
a sphygmomanometer and the mean of three mea-
surements was used for the analysis. Hypertension
was defined as systolic blood pressure ≥140mmHg
and diastolic pressure ≥ 90 mmHg, or by reported
regular treatment of hypertension. Diabetes mel-
litus was defined as fasting glucose ≥ 126 mg/dL
or patients undergoing treatment for diabetes
mellitus. Hypercholesterolemia was defined as
total serum cholesterol ≥ 200 mg/dL, and hyper-
triglyceridemia was defined as serum triglycerides
≥ 160 mg/dL. Subjects who smoked more than
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10 cigarettes per day for more than 1 year were
classified as smokers, and those who drank > 25 g
alcohol/day for more than 1 year were classified
as alcohol users.
Brain CT was performed on the day of admis-
sion, and follow-up CT or MRI was performed as
necessary. One neurologist and one radiologist
reviewed all the scans. Infarcts were defined as
hypodense lesions within a recognized vascular
territory.
For clinical data collection, infarcts were cate-
gorized as symptomatic infarcts, if lesions corre-
sponded with the symptoms of the admitting
events. Areas of focal hypodensity that were not
related to the qualified admitting events were
categorized as SIs. We monitored the patients in
the outpatient clinics for 2 years, and we obtained
information from medical records. We obtained
information by telephone interviews for patients
who did not have regular follow-up and had no
medical records at our hospital. The information
obtained by telephone interviews included cur-
rent health condition, recurrent stroke history,
causes and length of hospitalization, and mor-
tality. We used the t test to evaluate differences in
continuous variables and the χ2 or Fisher’s exact
test to evaluate the difference in categorical vari-
ables. Multivariate estimate of the hazard ratio was
calculated with Cox regression analysis and for-
ward stepwise regression analysis for survival and 
rehospitalization analysis. A value of p < 0.05 was
regarded as significant. SPSS version 15 (SPSS Inc.,
Chicago, IL, USA) was used for statistical analysis.
Results
The mean age of 226 patients with first-ever
stroke was 68.76 ± 11.58 years. The age distribu-
tion was as follows: four patients were < 40 years
of age; 11 were 41–50 years; 29 were 51–60 years;
73 were 61–70 years; 54 were 71–80 years; 30 were
81–90; and five were > 90 years of age. Results of
the biochemical studies and health history inter-
views are shown in Table 1. About two-thirds
(67.3%) of the patients had hypertension and
36.7% had diabetes mellitus. Hypercholester-
olemia (cholesterol ≥ 200 mg/dL) and hypertri-
glyceridemia (triglyceride ≥ 160 mg/dL) occurred
in 27.4% of patients. The percentage of patients
with a history of smoking was 23.9% (41.5%
among men and 2.9% among women), while 
the percentage of patients with a history of drink-
ing alcohol was only 2.6%. Atrial fibrillation was
found in 7.5% of patients and ischemic heart
disease in 15.5%.
SIs were detected in 45 of the 226 (20%) pa-
tients with first-ever stroke (Table 1). Among these
45 patients, 27 (60%) had one, nine (20%) had
two, eight (17.8%) had three and one had four SIs
Table 1. Baseline characteristics of patients with and without SIs*
With SIs (n = 45) No SIs (n = 181) Total (n = 226) p
Age (yr) 68.3 ± 13.3 68.9 ± 11.2 68.8 ± 11.6 0.79
Male 26 (57.8) 97 (53.6) 123 (54.4) 0.62
Hypertension 33 (73.3) 112 (61.9) 145 (64.2) 0.17
Diabetes mellitus 12 (26.7) 67 (37.0) 79 (35.0) 0.22
Hypercholesterolemia 19 (42.2) 71 (39.2) 90 (39.8) 0.74
Hypertriglyceridemia 15 (33.3) 46 (25.4) 61 (27.0) 0.82
Smoking 2 (0.5) 22 (12.2) 24 (10.6) 0.18
Alcohol 0 (0) 5 (2.8) 5 (2.2) 0.59
Atrial fibrillation 1 (2.2) 18 (9.9) 19 (8.4) 0.23
HCVD 7 (15.6) 20 (11.0) 27 (11.9) 0.44
Death 2 (4.4) 19 (10.5) 21 (9.3) 0.26
Rehospitalization 16 (35.6) 48 (26.5) 64 (28.3) 0.27
*Data presented as mean ± standard deviation or n (%). HCVD = hypertensive cardiovascular disease.
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observed on brain CT. The characteristics of symp-
tomatic stroke are shown in Table 2. Small-artery
occlusive disease was more frequent in patients
with SIs than those without SIs (p < 0.01). Brain
CT showed that infarction was the cause of first-
ever stroke among 161 (71.2%) patients, and the
remaining 65 (28.8%) patients revealed no focal
abnormality connected to the first-ever stroke.
Most (62.5%, 45/73) of the SIs were located
in the basal ganglion or internal capsule. Twenty-
one (28.8%) SIs occurred in the subcortical area;
four (5.5%) were cortical infarcts (3 in frontal
lobe and 1 in parietal lobe), two (2.7%) were in
the brain stem, and one (1.4%) was located in
the cerebellum. The mean diameter of SIs was
7.3 mm. About 93% of SIs were < 15 mm and
83.3% were < 10 mm. By definition, most SIs were
lacunar infarcts. There was no significant difference
for history of hypertension, diabetes mellitus or
cardiovascular disease, cholesterol, triglycerides,
and smoking habit in patients with and without
SIs. The prevalence of SIs was not related to age.
After 2 years of follow-up, the frequency of re-
hospitalization did not significantly differ between
the groups with and without SIs. However, the
mean interval between stroke onset and rehospi-
talization was longer in patients with SIs than
those without SIs (117.9 ± 202.2 vs. 53.8 ± 134.9
days p = 0.04; Table 3). The causes of rehospital-
ization included stroke, cardiovascular disease,
infection, metabolic disease, and hepatic disease.
Rehospitalization was more frequently caused by
recurrent stroke and cardiovascular disease in 
patients with SIs (p = 0.02; Tables 4 and 5).
The mortality rate did not significantly differ
between the groups with and without SIs (p=0.26; 
Table 2. Subtype of stroke in patients with first-ever stroke
Subtype of stroke With SI Without SI p (χ2)
OCSP classification
Total anterior circulation 0 10 0.22
Partial anterior circulation 7 26 0.82
Lacunar infarction 35 117 0.11
Posterior circulation 3 27 0.22
TOAST stroke subtype
Cardioembolic 8 36 0.84
Small-artery disease 26 58 < 0.01
Large-artery atherosclerosis 4 31 0.25
Unknown 7 56 0.04
SI = silent infarct; OCSP = Oxfordshire Community Stroke Project system; TOAST = Trial of Org 10172 in Acute Stroke Treatment classi-
fication system.
Table 3. Outcome of 2 years’ follow-up
SI No SI p
Overall 45 181 NA
Mortality 2 (44%) 19 (10.5%) 0.26
Rehospitalization 16 (35.6%) 48 (26.5%) 0.27
Frequency (times) 0.53 ± 0.79 0.43 ± 0.79 0.41
Interval (d) 117.96 ± 202.27 53.81 ± 134.91 0.05
Rehospitalization 16 48 NA
Mortality 0 (0%) 9 (18.8%) 0.10
Frequency (times) 1.44 ± 0.63 1.46 ± 0.82 0.93
Interval (d) 331.75 ± 210.63 202.90 ± 197.01 0.04
SI = silent infarct.
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Table 3). The mortality rate was not related to
age or SI but was related to subtype of stroke. The
mortality rate was higher in patients with car-
dioembolic stroke and large-artery atherosclero-
sis (Table 6). The causes of death in patients with
SI were sepsis in one and superior mesentery 
artery occlusion in another. The causes of death
in patients without SI were stroke in six patients,
sepsis in five, myocardial infarction in four, can-
cer in two, and renal failure and superior mesen-
tery artery occlusion in one each. Among the 21
patients who died during the 2-year follow-up,
the mean survival time was 29.5 days in the SI
group and 237.4 days in patients without SI.
Discussion
In this study, SIs were found in 20% of patients
with first-ever stroke. This is lower than that 
Table 4. Causes of rehospitalization in patients
with first-ever stroke (2 years’ follow-up)
Cause SI Without SI p
Stroke 9 14 0.02
Infection 2 23 0.11
Cardiovascular disease 7 5 < 0.01
Others 4 21 0.19
SI = silent infarct.
Table 5. Factors related to rehospitalization
HR (95% CI) Full model HR (95% CI) Final model HR (95% CI)
Age < 65 yr 1 1
Age ≥ 65 yr 1.98 (1.04–3.77) 1.72 (0.97–3.05)
Female 1 1
Male 1.59 (0.91–2.76) 1.39 (0.83–2.33)
No SI 1 1
SI 0.84 (0.43–1.67) 0.91 (0.50–1.68)
Diabetes mellitus 1 1
No diabetes mellitus 1.75 (1.00–3.06) 1.83 (1.07–3.15)
HCVD 1 1
No HCVD 2.19 (1.04–4.62) 1.82 (0.97–3.40)
Recurrent stroke 1 1 1
No recurrent stroke 9.96 (5.16–19.25) 9.30 (5.05–17.13) 7.93 (4.57–13.77)
HR = hazards ratio; CI = confidence interval; SI = silent infarct; HCVD = hypertensive cardiovascular disease.
Table 6. Factors affecting mortality
HR (95% CI) Full model HR (95% CI) Final model HR (95% CI)
Age
< 65 yr 1 1 1
≥ 65 yr 9.46 (1.18–75.53) 7.45 (0.98–56.76) 7.32 (0.97–55.07)
SI 1 1
No SI 0.46 (0.09–2.30) 0.50 (0.11–2.32)
TOAST
SAD 1 1 1
CAD 3.92 (0.97–15.85) 4.08 (1.20–13.82) 4.03 (1.24–13.12)
LAA 4.66 (1.32–16.46) 4.12 (1.15–14.75) 4.50 (1.32–15.38)
HR = hazards ratio; CI = confidence interval; SI = silent infarct; TOAST = Trial of Org 10172 in Acute Stroke Treatment classification
system; SAD = small-artery disease; CAD = cardioembolism; LAA = large-artery atherosclerosis.
reported in other MRI studies for ischemic (33%)
or hemorrhagic (47%) stroke patients. In the
studies using brain CT for patients with first-ever
stroke, the frequency of SIs ranged from 10% to
37%.4,11,19,20 Differences in the frequency may be
related to age or other factors. The prevalence of SI
reported by Jorgenson et al was 29%,8 however, the
mean age of patients in their study (75.0 ± 10.7
years) was higher than that in the current study
(68.76±11.58 years). Their study also showed that
the age-specific prevalence of SIs rose from 16% in
stroke patients younger than 55 years old to 33%
in those older than 75 years.8 Our study showed
that SIs were not related to age in patients under
90 years old (SIs were seen in 3 of 5 patients aged
≥ 90 years). These results were most likely a result
of the small number of patients in the study.
Previous studies have found that most SIs are
generally small and located in subcortical areas.
These characteristics were very pronounced in the
present study in which 91.3% of SIs were found
in the subcortical white matter (basal ganglion,
internal capsule, corona radiate and centrum semi-
ovale). The risk factors for stroke and SIs appear
to be similar.21 Regarding risk factors for SIs, there
have been contradictory findings among the dif-
ferent studies. Herderschee et al found that age,
hypertension, and current cigarette smoking were
independent risk factors for SIs.4 Kase et al found
in the Framingham study that glucose intoler-
ance, but not hypertension, cigarette smoking, car-
diovascular disease or atrial fibrillation, was more
frequent in patients with SIs.11 Norris and Zhu
reported that SIs were more frequent in patients
with both TIA and carotid stenosis than in pa-
tients with either condition alone.22 Brott et al
found that 15% of patients with asymptomatic
carotid atherosclerosis had an SI.23
Our study excluded patients with previous
stroke or TIA. The advantage of using first-ever
stroke patients was to avoid the bias of false SIs
(for example, reversible ischemic neurologic
deficit). For diagnosis of SIs, MRI has higher res-
olution and is more sensitive than CT. In our study,
226 (100%) brain CT scans were performed and
49 (21.7%) MRI scans. SIs were found in 20% of
patients with first-ever stroke, which was lower
than the prevalence of SI reported in the MRI
study. Bernick et al reported that SIs were found
in 28% of subjects without a history of stroke.24
However, small hyperintense foci in the basal
ganglion or thalamus upon MRI may be caused
by dilated perivascular spaces rather than lacunar
infarcts. Tokao et al reported a pathologic find-
ing of silent and small hyperintense foci in the
basal ganglion and thalamus upon MRI, and
found that putaminal foci were mostly caused by
dilated perivascular space, whereas most thala-
mic foci were lacunar infarctions.25
Our study showed that the recurrence rate of
stroke was higher in patients with SI than those
without SI during the 24-month follow-up pe-
riod. The mortality rate was 9.3%, which is lower
than that in previous studies.26,27 One possible
reason for the lower mortality rate is better access
to the hospital as a result of national health in-
surance. Thus patients may have received care for
minor strokes, which might not have been in-
cluded in other studies. The mortality rate in our
study did not differ significantly between pa-
tients without SIs and those who had SIs (10.5%
vs. 4.4%; p = 0.26). In contrast to the negative in-
fluence of SIs in the general population,7,15,28 SIs
did not influence functional and vital outcomes
among acute stroke patients.29,30 The study also
showed that SIs do not influence vital outcomes.
The factor most affecting mortality in our study
was stroke subtype. The most important causes
of deaths were sepsis in both groups and stroke
in patients without SIs. This may have resulted
from the higher frequency of small-artery occlu-
sion among patients with SIs. The frequency of
rehospitalization did not differ significantly be-
tween the two groups. The factor most affecting
rehospitalization was diabetes mellitus and not
age. The interval between discharge and rehospi-
talization was shorter in patients without SIs than
in those with SIs. The cause of rehospitalization
was the greater frequency of recurrent stroke and
cardiovascular disease in patients with SIs, which
may have resulted from the greater occurrence of
small-artery disease in these patients.
Silent infarction in stroke patients
J Formos Med Assoc | 2009 • Vol 108 • No 3 229
C.T. Ong, et al
230 J Formos Med Assoc | 2009 • Vol 108 • No 3
The main limitation of our study was the small
number of patients. We could not evaluate the
National Institutes of Health Stroke Scale (NIHSS)
and mental health because some patients did
not receive regular follow-up at our hospital, al-
though we obtained information from these pa-
tients and their families by telephone interviews.
In conclusion, stroke patients with SIs may
have a higher risk of recurrent stroke than those
without SIs. Whether stroke patients with SIs
have a greater risk of developing vascular demen-
tia needs further prospective controlled studies
to clarify the influence of SIs on the outcome of
stroke patients.
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